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N. SAHA A N D OTHERS SUBJECTS A N D METHODS
Liver samples (363) obtained during autopsies of victims of accidents (181) or coronary heart disease (1 82) were sealed in plastic containers and immediately frozen at -20 "C. A section of about 25 g of the tissue from the middle of the upper part of the right lobe was collected during post-mortem examination. Relevant information such as the cause and time of death, age, sex and race were recorded in every case.
Portions (1 g) of liver from the centre were weighed to the nearest 10 mg, ground with 5 g anhydrous sodium sulphate and extracted with diethyl ether. Portions of diethyl-ether extract were evaporated to dryness in a warm water-bath and the residue redissolved in chloroform. The vitamin A was assayed by the trifluoroacetic acid procedure according to Neeld & Pearson (1963) , using a Beckman spectrophotometer. The absorbance of the solution was measured at 620 nm.
The vitamin A contents of liver (mg/kg) are presented as medians (range), arithmetic means, geometric means and coefficients of variation. The significance of difference between the populations was calculated using the Mann-Whitney U test (two-tailed). Only the median values for the vitamin A reserve have been given in the text. Table 1 shows the frequency distribution of liver vitamin A in different ethnic groups. The distribution was skewed to the right, a common finding in other studies on liver vitamin A (Smith & Malthus, 1962; Suthutvoravoot & Olson, 1974) . Of all the samples examined, 16% contained less than 40 mg vitamin A/kg and approximately 45 % contained between 100 and 300 mg vitamin A/kg. At the extreme end of the range, 9% of the subjects had concentrations above 500 mg/kg and 1 % of the subjects had concentrations above 1000 mg vitamin A/kg in the liver. These values are in concordance with the findings of Huque (1982) for a survey of human liver reserves of retinol in London. On the other hand, studies in the United States and Canada showed that a much higher percentage of the samples (22-35 %) had less than 40 mg vitamin A/kg (Hoppner et al. 1969; Undenvood et al. 1970; Raica et al. 1972; Mitchell et al. 1973) . Studies in developing countries (Ghana, Thailand) showed a lower percentage of samples having a vitamin A content of less than 40 mg/kg (Dagadu, 1967; Suthutvoravoot & Olson, 1974) . However, these two previously mentioned studies cannot be taken as representive of the vitamin A status of developing countries in general. Palm oil, rich in provitamin A, is commonly used in Ghana (Dagadu, 1967) while it was emphasized (Suthutvoravoot & Olson, 1974 ) that the Bangkok study was not representative of the Thai population as a whole.
RESULTS A N D DISCUSSION
Frequency distribution
Ethnic and sex diferences
Liver vitamin A concentrations relative to ethnic groups are presented in Table 2 . Among males, the Caucasians and Eurasians had the highest median liver vitamin A store of 247 mg/kg, followed by the Malays (182 mg/kg). The Chinese had 154 mg vitamin A/kg liver, while the Indians had the lowest liver reserve (120 mg/kg). Statistical analysis revealed that the Caucasians and Eurasians had a significantly higher liver vitamin A store than the Indians (P < 001) and Chinese (P < 0.05). Also the Malays had significantly higher values than the Indians (P < 0.01).
The mean vitamin A reserve of the Caucasians in the present study (294 mg/kg) was higher than that found in the UK (252 mg/kg), United States (146223 mg/kg) and Mean value was significantly different from that for coronary heart disease victims (two-tailed Mann-Whitney U test): ** P < 0.01.
Canada (1 17 mg/kg). Indians in Singapore are mostly vegetarians which may account for their lower vitamin A reserve compared with other groups.
In general the hepatic vitamin A reserve was found to be lower in female subjects than in male subjects, though the difference was not significant. However, the number of female subjects investigated was rather small.
The liver vitamin A reserves relative to age in the entire sample, regardless of the cause of death and ethnic origin, are presented in Table 3 . A low, median liver vitamin A level (104 mg/kg) was noted in the age group 0-19 years. The median values for liver vitamin A rose markedly within the age group 20-39 years, followed by a decrease in the age group 80-87 years (125 mg/kg). However, none of the differences was significant ( P > 0.05). A similar pattern of hepatic vitamin A reserves was observed by Raica et al. (1972) in the United States.
Cause of death
The frequency distribution of vitamin A reserves in accident and coronary heart disease victims was very similar. The relation between the cause of death and liver vitamin A is presented in Table 4 . For this purpose the 363 subjects were grouped into two categories. The first category, which comprised subjects dying of sudden causes of a violent nature Vitamin A reserve in Singapore ethnic groups 41 1 Median value was significantly different from that for Indian group: ** P i 0.01.
(drowning, traffic accident, hanging, stabbing), had a median liver vitamin A value of 146 mg/kg. The other category, classified as subjects dying of coronary heart disease, had a median liver vitamin A value of 141 mg/kg, which was not significantly different from the former. In contrast, Huque (1982) had observed a lower median value for vitamin A reserves in heart disease victims compared with that in accident victims. Table 5 shows that the median liver vitamin A reserve of 181 accident victims who died was 146 mg/kg for the entire group. When grouped according to ethnic background, the Indians exhibited the lowest level (1 18 mg/kg). The Malays were found to have the highest median liver vitamin A store (191 mg/kg), which was significantly different from that of the Indians (P 4 0.05). No other significant difference could be established between the other races. In a group of 182 who died from coronary heart diseases, the pattern of lowest liver vitamin A store persisted in the Indians (Table 6 ). No significant difference could be established between the ethnic groups in the case of coronary heart disease victims, except 412 N. SAHA A N D O T H E R S that the Caucasians and Eurasians had significantly higher values than the Indians (P < 001). It may be concluded that the vitamin A status of all Singaporean ethnic groups is reasonably satisfactory, although vitamin A deficiency is not uncommon in the neighbouring populations. This may be due to the better socio-economic status of Singaporeans.
